On the nitrate accumulation as affected by soil type, soil management and cropping system by Sessions, Alwyn C.
University of Massachusetts Amherst
ScholarWorks@UMass Amherst
Masters Theses 1911 - February 2014
1927
On the nitrate accumulation as affected by soil type,
soil management and cropping system
Alwyn C. Sessions
University of Massachusetts Amherst
Follow this and additional works at: https://scholarworks.umass.edu/theses
This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for inclusion in Masters Theses 1911 -
February 2014 by an authorized administrator of ScholarWorks@UMass Amherst. For more information, please contact
scholarworks@library.umass.edu.
Sessions, Alwyn C., "On the nitrate accumulation as affected by soil type, soil management and cropping system" (1927). Masters
Theses 1911 - February 2014. 1951.
Retrieved from https://scholarworks.umass.edu/theses/1951
On the Nitrate Accumulation as Affected by Soil Type,
Soi! Management and Cropping System
Alwyn C. Sessions
MASSACHUSETTS
STATE COLLEGE
DATE DUE
— NOV iv(938 \
MM!
UNIV. OF MASSACHUSETTS/AMHERST
LIBRARY
MORR
LD
3234
M268
1927
S493
Mass. Agr. College
MASSACHUSETTS AGRICULTURAL COLLEGE.
.... <_ •
Memorandum
From Chemistry Date, May.,a,..19.22..
-RECEIVED
MAY 4 1927
Agronomy Dept.
T
0
- -Px*. Bea.umo.ni ..
_ (.Copy.
.t o. .Miss. . Jiallawell ).
Subject: ..„.Mr» i Sesjions/..^esiSj,
I have just read Sessions' thesis, and am very much
pleased with the way he handles his English. He shows
marked improvement and the paper is a credit to the college.
One suggestion, - at the end of page 26 he finishes
the summary of the literature, and on page 27 he begins
the discussion of his work. I think there ought to be
a statement incorporated into the text so that the reader
will have that change impressed upon him. I was quite at
a loss here to know what he was describing. On page 27
I think it would be better if he should say that he is
going to describe the methods he used, and give us an
idea of what he expects to bring out.
One other thing, - on pages 27, 28, 29, several plots
which he uses are described I presume according to experiment
station records, but a casual reader like myself would like
to have those plots located in reference to the campus. I
can see that Mr. Sessions wanted to be scientific and not
introduce any local relationships, but any one on the campus
reading the paper would like to have then localized in his
mind. It is easier to think about them.
On page 71 he states "lower pH". I take it he means
lower acidity or higher pH.
Signed,
ON THE
NITRATE ACCUMULATION AS AFFECTED BY SOIL TYPE,
SOIL MANAGEMENT AND CROPPING SYSTEM
BY
Alwyn C. So a aions
Thesis submitted for the degree of
Master of Science
Department of Agronomy
Massachusetts Agricultural College
Amherst
May 1927
CONTENTS
Introduction.
Scope of Thesis,
Review of Literature.
Relation of Soil Nitrates to Plant Growth.
Effect of Plant Growth on Nitrate Formation.
Moisture as Affecting Nitrifioation.
Influence of Organic Matter on Soil Nitrates.
Influence of Soil Reaction on Nitrification.
Cultivation as Affecting Nitrification.
Relation of Soil Type to Nitrate Production.
Method Employed.
Part I
Nitrate Accumulation as Affected by Topography, Soil Class,
and Barnyard Manure.
Description of Soils.
Plot Treatment.
A. - Nitrate Accumulation as Affected by Topography,
Summary.
B. - Nitrate Accumulation as Affected by Soil Class.
Summary.
C. - Nitrate Accumulation as Affected by Barnyard Manure.
Summary.
Conclusions.
Part II
Hitrate Accumulation in Orchard Soils.
Description of Soils.
Plot Treatment.
A. - Sod and Sod-nitrate Plots versus Cultivated and
Cultivated-nitrated Plots.
Summary.
B. - The Accumulation of nitrates under Straw Mulch and
Cultivation.
Summary.
C- Some Relation Between Fertilizer Treatment, Tree
Growth, and Hitrate Accumulation.
Summary.
Conclusions.
Part III
Hitrate Accumulation in Tobacco Soils as Affected by the Date
of Plowing under Timothy and Rye and as Influenced by Organic
and Inorganic Sources of Hitrogen.
Description of Soil and Field.
Plot Treatment.
Moisture Relations.
A.- Hitrate Accumulation in Tobacco Soils as Affected by
the Date of Plowing under Timothy and Rye when used
as a Cover Crop.
Summary.
B. - Hitrate Accumulation in Tobacco Soils as Affected by
Fertilizer High in Organic and Inorganic Sources of
Hitrogen when Timothy and Rye are used as a Cover Crop.
Summary.
Conclusions.
Bibliography.
Acknowledgment s
.
Appendix^.
NITRATE ACCUMULATIOH AS AFFECTED BT SOIL TYPE
SOIL MANAGEMENT AND CROPPING SYSTEM.
'
Introduction
Due to the important position nitrates hold in
plant nutrition and the close relationship which exists
between soil nitrates and crop production, the nitrifying
power of the soil is today recognized as one of the most
important factors affecting its fertility. Thus the role
of soil nitrates has become one of the paramount agronomic
questions.
The relation of nitrates to plant nutrition early
engaged the attention of research workers and throughout
the period of existence of agricultural experiment stations
the study of this relation has received considerable
attention. Field experiments especially have been numerous.
Of late years, emphasis has been given the study of factors
affecting nitrification under different conditions.
The data here presented add to the present extensive
body of knowledge of nitrification under different field
conditions. The study embraces some phases of the problem
heretofore not given emphasis or consideration.
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Soope of Thesis
This investigation deals with the trend of
nitrate production and accumulation under the conditions
of different soils, methods of soil management and cropping
systems, as found on the College Farm and Experiment Station
plots. Corn, apple trees and tohacco were the main plants
grown. Detailed descriptions of soils and systems of
management are given later in connection with each part of
the thesis.
Part I deals with the soil from the corn plots in
relation to their nitrate content as affected by:
1, topography; 2, soil class and 3, barnyard manure.
Part II is devoted to a consideration of nitrate
accumulation in orchard soils as affected by: 1, sod and
cultivation with and without a nitrogen fertilizer; 2, straw
mulch and 3» fertilizer treatment and tree growth.
Part III embraces a study of nitrate production in
tobacco fields as affooted by: 1, time of plowing under
timothy and rye when used as a cover crop; 2, as affected
by fertilizer high in organic and inorganic sources of
nitrogen.
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Review of Literature
This review includes the work of a few men whose
findings pertain to the following topics:
1. The nitrifying power of the soil as an index to
its crop producing power,
2. Nitrate accumulation in a soil, supporting plant
growth, as an indication of nitrifying power.
3. Nitrate nutrition of the orchard as associated with
fruit-bud formation.
K Fruit-bud formation as affeoted by rise and fall
of soil nitrates.
5. Relationship between crop growth and nitrate
accumulation.
6. Optimum moisture requirements for maximum nitrification.
7. Moisture variations as assooiated with soil type, soil
aeration and nitrification.
8. Application of organic matter as affecting nitrification.
9. Temporary depressions in nitrification noted from high
applications of barnyard manure.
10. The relation of chemical toxins and hacteria to nitrate
depression.
11. Soil reaction as a factor in nitrification.
12. Relation of cultivation to nitrification.
13. Soil types as influencing nitrific tion.
Relatlon of Sell Bitratee to plant Growth.
So important is the nitrate role in plnnt
nutrition that the nitrifying power of a soil ia
considered a meet accurate index to its fertility.
BurgsSB (17)* states, "Sitrification (soil cultural
method) is by far the most accurate biological soil
test yet perfeoted for predicting probable fertility.
In fact, it le probably the be3t single test of any
description yet developed for ascertaining the com-
parative crop-producing powers of arable soils. Active
nitrification say not be the cause of high fertility,
yet those conditions which tend to promote rapid nitri-
fication are very evidently identical with those whioh
tend to give us enhanced crop yields?
Brown (11) found that in every oase higher
aranonifloation and nitrification were accompanied with
higher crop yields. Fred (31), Kurphy (26) and others
(99) (?D have noted a similar correlation. Again
Broun (12) shows that the bacterial rctivities involved
in the transformation of nitrogenous organic matter in
the soil bear e very close relationship to the actual crop
yields secured on the same soil.
Figures in parenthesis refer to literature cited in the
bibliography.
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Waksraann (121) warns against laying too much stress
on the relation of any microbiological process to soil
fertility; he emphasises the fact, however, that nitrification
studies may yield valuable information for the differentiation
of soil fertility.
White (125) called attention to the fact that the
absence of nitrates under growing plants Is no indication of
the inactivity of nitrifying organisms and that the lower
nitrates which he received on the alkaline areas were due to
the vigorous growth of vegetation, while the higher nitrates on
the sold areas represented an accumulation In the absence of
growing plants. Thus one of the main functions of cultivation
(62) is to keep down weeds whloh are utilizing the nitrogen.
Lyon and Bizsell (73) reported, "A definite relation is
seen in whloh the crop yields and nitrate content of the soil
are shown. The higher yielding plots show a higher accumulation
of nitrates before planting than do the lower yielding plots?
Llpman (6h) >af*«* studying the availability of nitrogenous
fertilizers in various California soil tynes, stated, "For
plant growth purposes, therefore, we are reasonably safe In
assuming that the problem of nitrogen nutrition is chiefly one
of supplying to the root zone enough nitrates at different
periods in the life of the plant to inorease normal growth?
Lyon et al., (7&) working on the effect of sol on apple
trees, found greatest growth with greatest applications of
nitrate fertilizers and in their later work (77), they report,
-6~
"The average growth of plum trees in
sod which received 900 pounds or more of sodium
nitrates was about twice as great as in those which
reoeived no nitrate fertilizer? Lewis and Allen (63)
received a marked increase in growth of aprle trees,
the number of blossoming spurs, the percentage fruit
set and the average yield per tree, by the use of
nitrogen fertilizer.
The unique position nitrates play in the process
of fruit-bud formation and fruit set is of late
receiving much attention, and appears to be not alone
a question of a liberal supply of nitrates as suggested
by Lipman (6k) for indications are that a withdrawal
of nitrates at proper periods might be beneficial to
fruit production. It seems, from the work of Gourley
(38), Remy (101), Kirby (60), Chandler (IS) and others
(3), (129), (79), (19) that optimum conditions for
fruit-bud formation would be a liberal supply of nitrogen
early in the season, vwhich would stimulate early growth,
followed by a rapid decrease in order to check growth and
widen the carbon-nitrogen ration. Shaw (106) sums the
question of fruit-bud formation and soil nitrates as
follows, "In order to get heavy bloom there must be
produced quickly in the spring a large spur leaf area
but a short period of spur and shoot growth. Assuming
a sufficient supply of available carbohydrates in the
-7-
tissue, nitrogen seems to be the variable element
moot often controlling leaf production and growth. It
seems, then, that a liberal supply of nitrogen early in the
season, hut quickly decreasing so as to check growth, night
favor fruit-bud formation!! He then asks, "Hay not this
oondition be secured sore often through a sod-nitrate
program than by cultivation?" Some of the data presented in
this report suggests an affirmative answer to Shaw1 a question.
Fro® this review, it appears that the nitrifying power
of a soil is correlated with its yielding powers and is,
therefore, an index to its fertility, but nitrate accumulation
under growing crops may or may not be a measure of the soils
nitrifying or yielding powers. It seems that the nitrate
problem in orchards involves a question of growth stimulation
and growth retarding in felation to the trees fruiting
processes.
Effect of Plant Growth on Nitrate Foiiuition.
Lyon (71), in studying the relations of higher plants
to nitrate formation, found that there was a characteristic
relationship between the crop and the nitrate content of the
soil. He, with Jensen (5k) , found that during the active
growing period of maize, nitrates were frequently higher under
the com than in the bare cultivated soil. Xn oat land, the
nitrates were never as high as in the uncropped land, yet
nitrates were highest under both orops during the period of
most rapid growth, or greatest drain on nitrates. Stewart (116),
King (159) and others (301) (71) have noted similar results.
Heller (91) stated, "The oxidation processes in eand
cultures, to which organic matter (ground alfalfa hay) was
added, was accelerated "by growing green plants. All the
experimental evidence obtained indicates that growing plants
of buokwheat, barley, soybeans and field peas, have a beneficial
influence upon oxidation activities in the substrata in which
the plants were grown, and suggests a symbiotic relationship
between the soil-oxidation organisms and the growing green
plant?
"These phenomena are explainable? stated Lyon (71), "on
the assumption that nitrification iH stimulated by some processes
connected with active plant growth?
Stewart and Greaves (115), found soil nitrates to be greatest
under maize, followed by potatoes, oats and alfalfa. Brown and
Maclntire (9) give the average nitrate accumulation under the
following crops as: corn, 55.5 parts per million dry soil;
oats, 12.0; wheat, 7.9, and grass, lA. In this work, nitrates
reached their lowest point first under grass and last under
maize.
Lyon and et al., (75) (72), Worington (123), Leather (61),
and Russell (10k) have all noted a disappearance of nitrogen
from soil where plants were growing, which disappearance could
not be accounted for by absorption by the plant.
It seems from the «ork of Lyon and Blszell
and Wilson (75) that the boII nitrates found under the crops
are related to the fitage of the crop maturity. They stated,
*A11 thsee axperimentc show little difference between oats and
maize in respect to the extent to which they depress nitrate
formation when the plants an allowed to mature, but that the
loss began much earlier in the life of the wheat than in the
•
maize plants
Peckering (9*0 and Gourley (39) found when ood was used
in orchards It greatly reduced the vigor of the trees even when
soil moisture was not limited. Hedrick (^9) (50) received in-
creased yields when the orchard in sod was put under cultivation
and decreased yeilde when the cultivated orchard wrs seeded to sod.
Gourley and Shunk (Uo) with Lyon and Pizzell (11) found
sod greatly reduced soil nitrates. Chandler (IS) in referring to
the findings of Stewart (Ilk) which were similar to those of
Kendrick states, "It appears that in this orchard the injurious
effect of the sod was due entirely to its reduction on the supply
of available nitrogens
L|»n et al (?5) in studying the effects of sod on apple
trees stated, « There was a disappearance of nitrate
nitrogen
from the soil of the sod plots which could not be accounted
for
by its removal in the crops of hay or its incorporation
in the
roots and stubble, and presumably not by its removal of
drainage
water?
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litrate loss was greatest when greatest amounts of
sodlua nitrate were used. Apparently, part of this
transformation Is due to the consumption of the nitrate
nitrogen by soil organises whose growth Is favored by the
sod, with the result that the nitrate nitrogen Is converted
into other compounds in which form it may be held for some
time, sad when conditions are favorable for the nitrifying
process it may again be converted into nitrate. This
st tement is substantiated by the fact that while the effoots
of nitrate treatments on the nitrate content of the soli had
largely disappeared by the autumn of 1920, yet the following
summer with no additional nitrate fertilizer the yield for
the rye cover orop which was allowed to mature, was in
proportion to the quantity of nitrates added during the previous
years*
The injurious effeot of sod was greatly reduced with
applications of sodium nitrate as tree growth on the sod
plots was greatest where the largest quantity of nitrates were
applied, and consequently on those plots where the soil
moisture was often least* Since the tree growth was greatest
where the soil moisture was least, it is evident that the
relatively low moisture under grass was not a very important
factor in curtailing growth. On the other hand, the fact
that tree growth on the sod plots was greatest where the
greatest quantities of nitrate of soda were applied, is
evidence that nitrate nitrogen was an important consideration.
-Il-
ia summing the *ork of those sen it appears
that at certain stages in the life of some plants
(usually during meet rapid growth) they seen to possess
the po^er to stimulate nitrification yet in root, if not
all cases, soil nitrates are greatly reduced when the
plants are allowed to mature. This nitrate depression
appears to be manifested earlier and with greater intensity
in the case of the grasses than with other farm crops.
Moisture as Affecting Nitrification
The optimum moisture requirements for maximum
nitrification wary with the type of soil studied. This
accounts for Patereon and Scott (93} placing the optimum
at 1^ per cent, Lipaan (6g) at 15 and Guistinianl (37) at
16, while Traaen (120) gives the following relationships
which were obtained under controlled laboratory conditions
with a temperature of 25° 0*
Soil Moisture Soil Bitrates •Parts per
in 100 g.soil million
5.0$. 1.9 mg. 19.00
17.5 13.2 13|.00
*-JmSJ .............. 16.6 166.00
30.0 , 15.5 155-00
Thus Traaen as did Harris (4J) found that greatest
nitrification oocurred when the soil contained 25 per cent
moisture, and that it was only slightly retarded when the
moisture percentage reached 30.
•The last column was not included by Traaen.
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Llpraan and Sharp (65) as well ai Greaves and
Carter (46) found two maxima of nitrate fixation in relation
to soil moisture, one when the moisture percentage was 17. 5,
this being optimum for aerobes, and one at 22.5 per cent as
being most ideal for anaerobes.
Greaves (44) reports, from a study of twenty-two soils, that
maximum nitrification and ammonification occurred when the noils
contained 60 per cent of their water-holding capacity and that
this is near optimum moisture requirements for many of the common
field crops (45) (46). Gainey (34) received highest nitrification
with ooil 70 per cent saturated while Hutchinson and Milllgan (52)
with Noyes (92) place the optimum at three-eighths saturation,
which represents 16 per cent moisture. This would indicate that the
latter men worked with a light soil whereas the greater part
of' Gainey 1 a and Greaves 1 investigations were done on silt loams.
Paterson (93) as did Munter (83) and Fisher (29) found at
the lower limits of soil moisture, less water started nitrification
in sand than in clay and at the higher limits of moisture, less
water stopped nitrification in sand than in day. Paterson with
Traps (30) found a rise above optimum more detrimental than an
equal of fall below. Noyes and Conner's (92) work showed that
soil fully saturated with moisture did not contain nitrates
either before or after incubation with ammonium sulphate, and
that more nitrates were formed in soil kept one-half saturated than
in soils kept one-fourth saturated.
Warmbold (124) found the optimum moisture content of the
soil to be 20 per cent, irhen it fell below 10 per cent, there
-13-
wa8 no nitrogen fixed, and in some cases there was a decided
loss of nitrogen. Greaves (^3) in referring to the work
of Deherain (26) states that an insufficient supply of
moisture checks both nitrification and nitrogen fixation and
this may occur in some soils when the water content has been
reduced to but 16.5 per oent. Coleman (21) found nitrifioation
was retarded when the water content was reduced to 10 per cent
or increased to 26 per cent.
Lebidjantzer (62( believes the yielding power of a soil
is maintained by alternate wetting and drying, and Lyon (70)
by freezing and thawing. Both of these factors would tend to
encourage better aeration and overcome any bad effects from
high moisture. For the injurious effects caused by excess
moisture become operative, it seems, only when it affects
proper aeration. Gainey (35) stated that aeration will be
sufficient to a depth of one foot with any degree of compactness,
providing the moisture does not exceed two- thirds saturation.
As the high moisture limits are determined largely by the point
at which it interferes with proper aeration it naturally varies
with the soil texture and structure.
Prom the above references it is evident that rather variable
moisture percentages have been obtained for optimum nitrification,
as well as for the highest and lowest percentages the moisture
may reach without retarding or stopping nitrification. These
variations are to be expected with the wide differences in
soil types and methods of procedure.
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From the foregoing citations, it appears that
normally soil moisture does not become a very serious
factor in limiting nitrification until the soil contains
over two-thirds its moisture holding capacity or drops
below one-third saturation while the optimum range lies
between 1& and 25 per cent.
Influence of Organic Matter on Soil Nitrates
Temporary depressions in nitrification have often been noted
when a large supply of organic matter is added to the soil. This
depression seems to be more pronounced when the soil is already
low in nitrates, or there exists a wide carbon-nitrogen ration
in the organic material used. According to Sievers (108) (109)
this ratio must approach 1:12 before the crops receive a benefit
from the manurial applications,
Lyon (75) states that: N It is a well-known fact that
straw when feeshly plowed under produces to a greater or less
extent a disappearance of nitrates?
Martin (15) found, when straw was incorporated with the
soil, a marked decline in nitrate accumulation resulted. The
duration and intensity of this decline was in proportion to the
quantity of straw used. The nitrate depression was invariably
accompanied with a decrease in crop yields. Colleson and
-15-
Conn (23) also report a decidedly depressive effect of
straw applications on the subsequent crop.
Scott (105) and others (1) (22) received a marked
decrease in nitrates by applications of straw, both under
laboratory and field conditions. He noted as did Martin (SO)
that the nitrate loss was proportional to the amount of straw
added, and crop yields were similarly affected. Brown (15),
Oerlach (36), Albrecht (2), and others (117) (22) (105)
(51) have noted similar results,
Idaho workers (53) tested the effects of sawdust and
other forest residues on nitrification. They found that when
sawdust, at the rate of 1 per cent, was incorporated with a
soil, containing dried blood that there was a marked reduction
In nitrate formation varying from 1J to ^9 per cent. Of the
other residues tested cedar needles proved the most toxic,
reducing nitrate formation from 12 to jS per cent. In sum-
marizing the work, Iddings states, "In general, however, It may
be definitely stated that all conifers used show inhibitory
action upon the nitrogen-fixing powers of the soil bacteria?
Withers and Fraps (127) found when 16.1 grams of barnyard
manure was added to 500 grams of soil, less nitrification took
place, for a period of four weeks than in the uncultivated soils.
Potter and Snyder (96) with Paterson and Scott (91) found a
temporary nitrate depression occurred on the manured plots.
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Horaally, this shortage of nitrates is not prolonged;
for as Greaves (46) states manure exerts a highly feaorable
effect on nitrogen-fixation, and reports that nothing in his
results indicates that applications of manure up to 25 tons
psr acre were harmful to nitrate production.
Brown (11) found greater ammonification and nitrification,
as well as higher crop yields, from the manured plots. He
reports that applications of from S to 20 tons of manure per
acre resulted in yields superior to those of the check plots,
although the plots receiving 20 tons showed slightly less corn
yields and nitrifying powers than did those receiving 16 tons,
which were the highest plots in the entire series,
Brown (16) working on a Carrington loam reports that
nitrification and the nitrifying power of this soil were increased
with applic tions of manure up to a maximum treatment of 36
per acre*
Murphy (*5) found over 1^ times more nitrates in manured
soils under greenhouse conditions and 2* times more in
soils kept
in an open roo« for a period of two weeks, than in the
unmanured
soils.
Conn (2^) states that the building of nitrates iffl.1 not
take
place in the soil as long as there is any considerable amount
of
organic material or free ammonia present. The nitrate-forming
baoteria will not grow either in the presence of organio material
or ammonia. It is not until after decomposition has been
-17-
completed and practically all the organic compounds used
up, that the nitrifying germs can begin to act?
Scott 1 8 (105) work doee not agree with that of Conn (2k)
for he states, "That ^hen cow manure was added to soil at
rates vTying from 1 ton to l60 tone per acre, good nitrification
occurred in all cases, and organic matter was still present
at the end of the period. The rate of nitrification was
inversely proportional to the amount of manure added.*
Snyder (110) observes that, "The principal organic food
of the nitrifying organism is the organic matter of the soil and
it is only when organic matter is incorporated with the soil that
it can serve as food for the nitrifying organisms*
Breal (8) in 1892 reported an aerobic ferment associated
with straw which possessed the power to reduce nitrates, and
in the recent work of Colli son and Conn (22) they reported,
"That two separate harmful factors are associated with straw
and other plant residues: first, a toxic chemical agent which
acts upon the plant Immediately after germination, although not
having a very pronounced effect in the presence of much colloidal
matter as In clay soils; second, a biological factor due to the
stimulation of ralcro-organlsae which compete with plants for
their nitrogen? This second factor has been recognized by many
workers (55) (122) (51) and it seems its ill effects are more
pronounced in high carbonaceous material which, according to
Lyon et al. (75), stimulates activities of nitrogen-fixing
-IS-
organisms. This activity seems to be correlated with
the nitrogen-carbohydrate ratio in the plant material
consumed and the vlder the ratio the more the nitrate
accumulation is depressed.
Murray (S3) explains the cause for such depressions
in the following way: "The applications of straw stimulate
the reproduction of bacteria. The bacteria use the straw
as a source of carbon and use the nitrates as a souroe of
nitrogen. The nitrates are transformed to organio nitrogenous
materila and for the time being are lost as available
plant foods
Lipman et al. (6&) found that under certain conditions
small amounts of nitrogen may alno encourage this minor
nitrogen cycle. He states, "In considering the data at
hand it should be remembered, of course, that small amounts
of nitrates may favor the decomposition of inert humus
compounds. Hence, where nitrates were used in the present
experiment the decay bacteria were stimulated in their
growth and were able thereby to attack the organic nitrogen
compounds more vigorously. At the same time a large amount
of nitrates was laid fast in the bodies of the bacteria
by being converted into protein subet nces. Later on the
bodies of the dead bacteria in their time passed through
the process of ammonification and nitrification. We thus
come to find that periodicity in the accumulation of
-19-
nitrates in the soil may be due to both the temporary
prominence of species (of bacteria) especially capable of
transforming large amounts of nitrates into protein nitrogen,
as well as to the mere rapid increase of various decay organisms
and their intense utilization of nitrates for the building of
their bodies'.'
Ordinarily, the common forms and amounts of organic matter
used on the farm, especially manure, tend to stimulate nitrate
production. Hitrate depressions, however, have often occurred
from heavy applications of organic matter. While the duration
of this depression is usually rather short, it varies with the
type and quantity of organic matter used. It appears that
the slower the organic material decomposes, the greater the
quantity and the wider the carbon-nitrogen ratio, the longer
will be the period of nitrate depression.
Influence of Soil Reaction on Nitrification
Increased yields from the use of lime on acid soils are pre-
valent (12S) (90) (66) (13) and are undoubtedly often encouraged
by the increase in nitrate production facilitated by the use
of lime. Brown (1*0 states, "The application of ground lime-
stone Increased considerably the nitrifying power of the soil?
potter (97) found, "Bhen organic matter in the form of
-20-
stable manure and the green manure, oats and clovers, 1*
added to the soil, the total org nic matter - that Is, the
organic matter of the soil plus the added orgrsnio matter - de-
composes more rapidly under the influence of lime than without
it. Be also found that clover decomposed more rapidly than oats.
Christensen (20) found the soil content of basic lias sad
phosphoric add combinations determined the speed at which mannlte
decomposition took place.
Brown (13) observed that applications of limestone up to
three tons per acre increased the total number of Boil bacteria?
and from Hunks (103) writ, it appears that 60 mesh and 100 aesh
limestone materials are as effective in encouraging decomposition,
as is calcium oxide.
Lipman (69), in studying the availability of nitrogen
fertilizers, found, *0n the unlimed sections, total nitrogen
recovered in the crop, where organic nitrogenous fe tllizer was
used, was somewhat more than *here the mineral fertilizers were
used. On the limed sections the reverse was true?
Stephenson (112) reports the sum of the nitrates and
ammonia produced was greatest in the case of the unliaed plots
where organic treatments were given. The reverse was true when
the soil received applications of ammonium sulphate. Fred (f2)
obtained similar results which led hia to state, "In the case
of the acid soils, it seems that the nature of the compound
tO be nitrified plays an important part, for example, in acid
-21
soils organic nitrogen nitrifies much sore rapidly than
nitrogen from ammonium sulphate. In non-acid soils, the
reverse is true, ammonium sulphate nitrifies store rapidly?
This conclusion is borne out by the following figures taken
from an extensive table recording the work of Temple (118):
200 grafts soil incubated for four weeks with 120 rag. of
1. Cottonseed seal produced - l6.5 tag. nitrogen
(as nitrites and nitrates)
2. Ammonia sulphate produced 1.9 mg. nitrogen|s nitrites and nitrates)
3. Ammonia sulphate plus 1 gram of calcium carbonate
produced 63.0 ng. nitrogen as nitrites and nitrates.
Gowda (42) reports, "Vigorous oxidation of ammonium sulphate
by nitrite-formers took plaoe when the reaction of liquid
medium was around p R 8.0. For the nitrate-formers, the optimum
reaction was between 8.5 and 8.8. tfaksman (13D found that the
nitrification of ammonium sulphate stopped when the p H
reached - 4.8.
Barthel (5) attributed the faot that nitrlfiontion proceeded
better in the presence of organic nitrogen compounds than with
ammonium sulphate to the effect of the acid (30^ produced by
the latter.
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Zt is evident frora the above discussion that the
deooa osition and nitrification of organic compounds oocur
in soils with a rather high lime requirement. It seems, however,
that ammonium sulphate is far less easily nitrified in an add
media than are organic fertilizer8,partioularly cottonseed meal*
Cultivation as Affecting litrifioation
It is not intended to give an extensive summary of the
literature hearing on this topic, thus only a few citations are
noted in this review.
The main objects of cultivation are: to improve the structural
conditions of the soil, enoourase better aeration, destroy weeds,
conserve moisture and incorporate organic matter and fertilizers
with the soil. All of these factors are directly associated
with the problem of nitrate production and are conducive to
nitrification.
Reed (100) stated, "Cultivated soils showed decidedly
higher nitrifying powers than virgin soils!! Lyon and Bizzell (7D
found nitrates began to accumulate more rapidly after the soil
had been stirred and that greater nitrate accumul tion occurred
in the fall plowed soils than in those plowed in the spring.
Albrecht (1) and King (5S) showed that early tillage, particularly
plowing increased the nitrate content of the soil. Gourley (ko)
stated, •Stirring the soil readily increased the rate of
nitrification; Prom this it would seem that the earlier the soil
-2>
is plowed the earlier the nitrification ^ould oooux.
Lyon et al (7S) found thrt the tree growth on the sod
plots was proportional to the uantity of sodium nitrates
applied* This relation did not exist on the cultivated plots
for the tree growth was not greatest where nitrate nitrogen
was highest. This may bava been because all of the cultivated
plots, whether fertilized ox not, contained -m adequate supply,
or even a surplus of nitrate nitrogen. The tree growth on
the sod plots which received 900 pounds of sodiua nitrate was
only 2/3 as great as on the cultivated unfertilized plots.
This higher nitrate content was also found to be associated
with the cultivated plots in later work (fj) on plum and
cherry trees.
Chandler (16) calls attention to the danger of nitrate
shortage resulting from delayed spring plowing and suggests
early plowing where cover crops were used, particularly if
there is a possibility of the ©over crop becoming woody.
Martin (61) found that the mora matured vegetable material
is when incorporated in the soil the more slowly it decomposes
while the mors succulent it is the more rapidly it decomposes
and that the value of the organic material depended upon the
ease with which it breaks down and nitrifies, all of which
seems to stress another need for early plowing when cover orops
are used. This phase of the question will be emphasized in
the body of this report.
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Whitiag et al (128) after reviewing tillage reports
from England, Russia and the United States gives the
following outstanding relations between tillage end nitrate
production which also son up the data presented here. Re
et- tea, "Plowing increases nitrate production. Cultlv tion
conserves nitrates by preventing weeds froa using part of the
available supply. Mulching reduces lose of rapid leaching and
conserves moisture, thersby tending to maintain the nitrate
u ly in the soli. Fallowing enables the soil to ooumulate
large amounts of nitrates because none is used by the orop,"
end as emphasized above the early turning under of a cover orop
stimulates early nitrate production.
Relation of Soil Type to Nitrate Production
There is little in the literature bearing directly on
this subject. Tet the part soil typs plays in the role of
nitrate production is an imp rtant one. It is not only cor-
related with nitrate production but particularly pronounced
in determining the nitrate retentive oapaoity the soil frill
pessess when subject to heavy rains. It seems that little
emphasis has been given to this latter consideration which will
be stressed in part I-a of this thesis.
withers et al (126) compared the nitrifying powers of
several soil types by incubating 50 grams of soil with k.Jl
grams of cottonseed meal (containing .03 grams nitrogen) for a
period of four weeks and then determining the quantity of
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nitrates present over and above that which the soil oontained
at the beginning of the experiment. Cecil sandy loan was
ohosen as the standard soil and the amount of nitrates found
in it was place at 100 for the purpose of c^loulnting the
rank of the other soils which is given below.
Very Light Polls Light Soils Medium Soils
Tarbow sand 16 Norfolk fine sandy loam 50 Porters loam 3^
Norfolk sand 18 Durham sandy loam 71 Sorters black
Kerndon stony loam 36 loam 106
Cecil sandy loam SJ
Porters gravelly loam 71
Porters sandy loam 59
Cecil sandy loam 100
Durham sandy loam 11
Heavy Soil
Porters red clay 71*"
From these results it is evident that the nitrifying power
of the soil varies greatly wtih the soil type as well as with the
soil class. Note that the loam soils possessed the highest
nitrifying powers followed by the sandy loams and clay but
that it dropped to a rather low point in the light open sands.
Reed (loo) after determining the nitrifying efficiency of
44 virgin and cultivated soils gives the following relations?
Nitrifying efficiency of a number of virgin soils of various
textures
Classification Av. mgs. nitrate nitrogen per 100
gme. soil
Fine sand "iM
Sandy loam 3. 1?
Loam 9.04
Clay loam 20.50
Clay 5» ol
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Nitrifying efficiency of a number of cultivated soils of
various types.
Soil type ags. of nitrate nitrogen
100 grams soil
Ceoil sand 1*50
Sandy loan 7 # 2g
Ceoil loss 29.50
Clay loam *K).39
Cecil clay 25. 11
"from this work it is evident that the open sandy
soils are strikingly low, the loams and clay loams are as
impressively high, and in the heavier clays again a falling
off is evident'.'
From the above citations, it is evident that soil
type is a very important factor influencing nitrate
production.
27
Original Investigations
Methods Employed
A composite soil sample of the upper seven
inches of surface soil was obtained at weekly
intervals from each plot by making 20 to 24 borings
with a one and one-half inch soil auger. The soil
thus obtained was thoroughly mixed in a clean pan,
placed in a quart fruit jar, tightly sealed and
taken to the laboratory for analysis. Hitrate and
moisture determinations were made immediately after
sampling. The phenol-di-sulpLonic acid method, as
described in Bureau of noils, Bulletin 31, was
employed in all work. The soil temperatures were
taken weekly and are recorded in the appendix of
this report.
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PART I
Nitrate Accumulation as Affected by Topography,
Soil Class, and Barnyard Manure.
The moisture content of the soil is perhaps the
most important faotor influencing nitrification. While
precipitation and irrigation determine the quantity of
water the soil receives, the amount retained depends upon:
first, topography; second, texture; and third, organic
matter. The important part which these three factors play
in the role of soil nitrification is emphasized by the
nitrate determinations made on the soils described below.
Description of Soils
The soils from the five corn plots under consideration
vary in texture, as shown by the mechanical analysis,
(Table I, Page 30) from a sandy loam to a silt loam. They
axe of glacial origin and are members of the Hartford series.
This series is characterized by typical lake-laid material
accupying the lower shores and upper bottoms of the old
glacial lakes. Most of the Hartford soils are fairly well
assorted with rather distinct stratifications and bedding
planes.
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Ths soils of the first four plots are rather
erratic phases of the Hartford series, in that they
are alluvial terraces which hare resulted fro® stream
action upon the lake-laid Hartford material. The
surface soil of plots 1 and 2, located on the brow of
the upper terrace, is largely wind deposited sands Trhioh
h w oeen carried fro® the opposite bank and left on the
windward face of this formation. This accounts for the
high percentage of fine sand and very fine sand, also the
low organic content of these first two plots. (Table II,
Page 30).
Plots 3 and k are located on the second terrace
1^5 feet from plots 1 and 2 and 16 feet lower in elevation.
This soil is slightly heavier with much higher organic
content thm the soil of the two preceding plots. The eoil
of plot 5 is of deeper lake deposition and a typical heavy
Hartford silt loam.
Additional information concerning characteristics of
soils studied is given in Table II.
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Table I. Mechanical AnalY^» n-r Soil From Go .n p3 _.
;ooij. mass : Fine
» uidvc
X
: Coarse
; oanct
:Medium
: Sand
! Fine
: Sand
: Very •
1 Fine •
; Sand
Silt Clay
i : Sandy Loam : 0.12 : 0.43 ! 1.36'•34.37
:
56.58' 4.66
: 2.56
2
: Sandy Loan
: .o j: 0.36 : 0.69: : 13.61 :' 66.43'
: 15. 14 3.77
3 i Loam
;! 0.37 i : 1.13:
: 1.1J : 3.11 : 35.60 ' 43.34 : 10.32
4 i iiOam J 0.13 : 0.65: 0.86: 7.56 : 43.77: 39.60! 8.43
5 I Silt Loam i 1.08 j 1.67: 1.95:: 8.90 : 27.76: 48.59! 10.05
Table II. Additional Information Concerning Soils Studied
Plot : Soil Class
: Loss on
: Ignition
1 ! Sandy Loam l 2.7 per oent
2 : Sandy Loam : 3.9 »
3 : Loam
: 9.4 «
4 I Loam : 7.9 * »
5 : Silt Loam : 7.2 " "
Moisture hold
lng Capaoity
Soil Aoidity
pH value
37.4 per oent
48.3 " »
69.1 »
63.1 »
58.7 " «
6.7
6.1
6.2
5.7
6.2
All soil olasses are designated under the new system
of olassifioation as given in Journal of the American
Society of Agronomy, Volume 18, No. 3, March 1936.
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Plot Treatment
In the fall of 192^, alfalfa stubble on plot 1,
and sod on plot 3 were plowed under. Early the following
spring 20 tons of ow m inure, from the oollege bams
where sawdust and wood shavings had been used for bedding,
were thoroughly disked into the soil. On May 19, these
fields were planted to Davis flint corn, two hundred and
fifty pounds of acid phosphate being applied per acre in
the corn rows at the time of planting.
Plots 2 and k which had been in hay for the preceding
two years were also plowed in the fall of 192^ and planted
to Davis flint corn on May 19 of the following spring.
Four hundred pounds of a 3-10-6* fertilizer were applied per
acre in the corn rows during planting. These plots have
received no barnyard manure for at least 12 years.
Plot 5 was cleared and put under cultivation in the
spring of 191S. The following year it was planted to corn
and seeded down that fall to grass pasture which remained
until the fall of 1921!- when it was again plowed. Twenty
tons of manure were applied per acre during the winter and
it, with one ton application of lime, was worked into the
soil as soon as the spring weather permitted. Rustlers White
Dent was planted May 27 and two hundred and seventy-five
pounds of acid phosphate per acre were applied to the soil.
The corn crop on all plots was good except on plot 3
which, for some unknown reason, had a poor stand.
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Summary of Plot Treatment
Plots 1 and 3. 20 tons manure, 250 pounds acid
phosphate per acre.
Plots 2 and So manure, kOO Ids. 3-IO-6 fertilizer
per acre.
Plot 5» 20 tons manure, 275 pounds acid
phosphate per acre.
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PART I- A.
Nitrate Accumulation as Affected by Topography.
Nitrate and moisture determinations were made
weekly from May 15 to September Two analyses followed
this date one on September 18 and one on October 17.
Care was taken in obtaining the composite soil sample
to make one boring in close proximity to the hill of corn,
one equidistant between hills and one at a point where
the diagonals from four hills, two in each row, would
intersect each other. Eight such sets of borings were
taken across the center of each plot.
The trend of soil nitrates and moisture for the
first four plots, as well as the weekly precipitation,
are graphically represented in figure I, page Ho. The
weekly precipitation is taken from the daily record of
the local weather observatory and calculated f»r the week
preceding the date of sampling. For illustration: the
point on the graph showing 1.03 inches rainfall on the
third date of sampling, May 29, indicates the amount of
rainfall which occurred between noon of May 22 and noon of
May 29.
The extreme Irregularity in the nitrate curves is due
to the topography of the plots and the heavy rains which
occurred within the season. It should be remembered that
plots 1 and 2 are located only 165 feet from plots 3 and k
-3^
and axe 16 feet higher in elevntion, that approximately
90 per cent of the soil from plot 1 and SO per cent from
plot 2 is composed of fine sand with only 2.5 and 3.7 per
cent organic matter, respectively. All of these faotore
are conducive to leaching of nitrates from the higher to the
lower elevations. Thus note how high precipitation is
accompanied with high nitrate accumulation in the lower
plots 3 and 4, and conversely, how regularly the nitrates
fall in the lower plots and rise in the higher ones during
periods of low precipitation. This is an eximple of the
important role which topography plays in nitrate accumulation.
The rapid gains of nitrates in plots 3 and 4, between
Kay 29 and June 5, also between June 19 and July 3, occurred
during heavy rains and are thought to be due largely to the
accumulation of nitrates leached from the higher plots (43).
This assumption is substantiated by the fact thnt on the same
dates there resulted a corresponding loss of nitrates from the
higher plots 1 and 2, except between Hay 29 and June 5 when
accumulation slightly exceeded loss on plot 2.
Even though the first fall of nitrates in plots 3 and 4
occurred during a period of very low precipitation, the fall can
in no way be attributed to lack of moisture; for at no time
throughout the season did the moisture content of these two
plots fall below 35* P«r cent, which according to Greavds (46),
Lipman (65), Traaen (120), Harris and Butts (47) and other
workers is above optimum moisture requirements
•Water percentage based on oven dry weight.
20 g. moist soil dried at 100° - 105° C.
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for maximum azofication and nitrification. The greatest
factor contributing to this early nitrate fall in the
lower plots, as well as to the time of its occurrence -
that is, during low rainfall - is believed to be the high
precipitation of the preceding weeks, associated with
differences in the rate of leaching between the two sets of
plots. The location of the plots with structural and
textural differences in the soil made possible a rapid
movement of nitrates from the higher to the lower levels but
a slower rate of nitrate removal from the tower plots. Thus
the alternating rise and fall of nitrates in the two plots is
largely due to a difference in rate of water movement through
the two soils. Shis also accounts for the higher nitrate
content of the lower plots without indicating a higher rate of
nitrification; for, as Lyon and co-workers (75) have pointed
out, the quantity of nitrates present is a measure of nitrate
accumulation rather than of nitrate formation.
That a lack of moisture was at no time a limiting factor
in the lower plots seems to be obvious in that the higher
plots experienced their highest nitrate accumulation of the
season on the dates of greatest fall for plots 3 and fc, except
for the final drop occurring near July 1, at which time the
corn was making its mo*t rapid growth, and thus the heaviest
drain on nitrates was taking place. This drain was also
associated with heavy precipitation averaging over 1.5 inches
rainfall per week for a period of six weeks. These two
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faotors caused an almost complete removal of nitrates
from all plots. There was no marked rise of nitrates
after this period.
The data here presented correspond quite closely
to the normal nitrate trend, under a crop of maize, as
obtained by lyon and Bi z2,n (n)f Bathall (6)> also
and Sohoonover (l2g). oo^ W of Ohio found the accumulation
of nitrates to be greatest in June with a gradual decline
in July and a rapid decrease to minimum U August and September
with a slight rise in October. The final loss of nitrates from'
these plots occurred somewhat earlier and with greater rapidity
than is normally the case under a crop of com. This indicates
that the corn alone was not responsible for the entire nitrate
removal but that it was unquestionably augmented by the heavy
rainfall which caused loss of nitrates through leaching and
perhaps denitrifioatlon. That high precipitation was perhaps
the dominant factor is shown by the part it played in nitrate
removal earlier in the season and also by the quantity of
nitrates which disappeared within a period of from two to three
weeks.
In light of the moisture relations obtained by the men
previously cited, the moisture and nitrate relationships of
these two sets of plots are rather abnormal, for at no time
throughout the entire season did the moisture content (with
the exception of plot 2) fall within the range given by any
of the workers previously cited, whether it be for the an-
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aerobio or aerobic conditions. Plot 1 never showed
a known moisture content above 15.2 per oent and only four
times during the season did it exceed 12 per cent; while
the moisture content of plots 3 and k- never dropped below
35, per oent and only once did plot 3 go below kl per cent.
As to the actual azofication or nitrification carried on in
the lower plots, we do not know, because of the nitrates
received from the higher plots. There was unquestionably
some nitrification, however, even with a moisture percentage
over 43 as is shown by the rise in nitrates between June 10
and 19, a two weeks' period, of low precipitation, when
leaching could not have been operative.
Although the lower plots show the highest nitrate
accumulation, perhaps the most rapid nitrification occurred
on the upper plots, as is shown from the rapid rise following
periods of leaching.
The highest nitrate accumulation of the season in
plot 1 occurred on June 19 showing 100.3 parts of nitrate per
million parts of soil, with a moisture content of but 7.9
per cent, this being the lowest percentage during the first
three months of the determinations. On the same date plot 2
showed its highest nitrate content with a moisture percentage
of but lk,l t this being next to the lowest moisture percentage
during the first three months of the season. These moisture
percentages represent 21 and 29 per eent of the total
water-holding capacity of these soils,
Lipman (6*3) observed quite marked nitrification with
only 5 P«* cent moisture. This work was conducted under
controlled "box soil" conditions and even then the low moisture
relationship is rather unusual, as Lipman suggests; for in
referring to this, he states: "Even more interesting is the
fact that soils ^7 and which probably averaged less than
5 per cent of moisture during the entire period, still allowed
a fairly active nitrification to go ont' No nitrification
occurred in his saturated soils. These results confirm the
statement of Withers (122) that, "Soil with low water capacity,
low absorptive power and low humus does not necessarily have
a low nitrifying power?
Even with the wide range given by the workers previously
cited, the soil moisture and nitrate relationships obtained
in this work are rather unusual in that the highest nitrate
accumulation of the season, reaching 240 parts per million in
plot 3, was associated with k£ per cent moisture while only
55 yards away, plot 1 representing a different soil type,
reached its highest nitrate content when the soil contained
less than 10 per cent moisture. This low moisture percentage
associated with high nitrates in no way indicates that
nitrification was most rapid under these conditions but merely
that nitrification was rather active and that most favorable
moisture relationships existed for the retention of the
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nitriten procfjAoM. Msliher can the high nitrite content
of plot 3 be attributed to high nitrificrilon for this
accumulation represents nitrntec which hava b^en leached
from the higher to the lower elevations.
Xt is evident from this diecusaion that the nitrate
accuraxlation of these soils was governed mainly by moisture
relations and that these relations were establirhed largely
by the topography.
Summary of Part I - A.
1. Topography and rainfall oaueed great fluctuation in the
nitrate and moisture eontant of these soils.
2m titrates were leached from the higher to the lower plots
during periods of precipitation.
3. Greatest nitrate accusalation occurred on the lower plots
during high precipitation and when the soil of the two
plots had a moisture content of h2 and per cent.
K Greatest nitrate accumulation occurred on the t^o higher
plots during periods of lor precipitation with a soil
aolstore content of 1 cad l4> per cent,
5. Indications are that nitrification was operative in the
soils of plot 3 with a mofcsture content of &3 per cent.
6. nitrification was operative in the soils of plot 1 with
a moisture content below 10 per cent, greatest nitrate
accuEulftticn occurring rhen the soil contained but S per
cent moisture.
7. Heavy July rains accompanied by r?pid com growth removed
nitrates from all plots. So marked nitrate accumulation
occurred after this date.
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Part 1-b
Nitrate AocuKul tion as Affected by Soil Class
In view of the many external influences causing
nitrate variations even in adjacent field plots, it
Bay sees rather futile to try to show relationships
between soil nitrates and soil classes. There are,
however, oertain characteristic tendencies inherent in
the various soil classes which greatly affect their
ability to furnish the plant with a sufficient nitrogen
supply.
From the data given in Table X, Page 30 it can be
seen that plots 1, 3 and 5 represent three distinctly
different soil classes; sandy loam, loam and silt loan,
respectively, and that these olasses are rather
characteristically different from one another, not alone
in texture but also in percentage of organic matter and
water-holding capacity. Attention has been called to
differences in their formation in that they represent three
very different phases of the Hartford series.
The results of weekly nitrate determinations are found
in Table I of the appendix and are represented graphically
in figure II, page 4$.
Plot 3, with the loam soil, ranks notably higher in
nitrates than did plots 1 and 5. There is very little
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difference between the amount of nitrates in the light
and heavy soil olaeeee. The seasonal nitrate average
in parts per million for these soils are: plot 1, sandy
loam, 28.5; plot 3, loam, 75.0; end plat 5, silt loan,
31.5.
Virginia workers (100) in testing the nitrifying
power of Virginia soils of various textures state, "This
quality in light open sandy soils was strikingly low; in
the loams and clay loams it reached Its maximum height,
and in the heavy clays there was agtin depression, yet not
so low as in the extremely open soils." This statement
corroborates to some extent the results under discussion,
but, as previously stated, the data here presented in no way
represent the total nitrates produced or the nitrifying
power of these soil classes, but more their ability to
maintain the nitrates that have been formed.
The irregularity and the alternating rise and fall of
nitrites in plots 1 and 3 are thought to be due largely, as
formerly explained, to the leaching of nitrates from the
higher to the lover plot. Although this condition tends to
enhance the nitrate standing of plot 3 and loiter t at of
plot 1, this loss of nitrates through leaching is one of
the inherent characteristics of light open sandy sills,
although rather greatly accelerated, in this case, by the
location of these plots. This again is rather typioal, in
that very often the light open soils of the field are found
on the higher elevations.
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Beginning on June 19, four and nir.*-tenths inches
of rainfall occurred during the following three weeks.
This resulted in the final removal of nitrates at weekly
intervals, first from the sandy loam, second from the loam,
and third from the silt loam. (Figure II, Page $0). Xt is interesting
to note that the soil from plot 3 - receiving: some of the
excess water from plot 1 - became supersaturated and lost
its nitrates before the soil of plot 5 even though under
laboratory conditions it showed a higher moisture holding
capacity and higher organic content, (Table II, Page 30).
Thus in the field during heavy rains the period of nitrate
retention was not governed by the moi*ture holding eapsclty
of these soils but by their topography and texture. It appears
that under laboratory conditions, the organic content was
more powerful than soil texture in determining the water-holding
capacity of the soils from plots 3 5»
Some interesting relations are shown in the moisture
percentage of these soils at the period of nitrate removal,
the percentage being 1^.7 for the sandy loam, 46.0 for the
loaa and 33.9 for the silt loam. The moisture percentage of
the sandy loam seems rather low to cause loss of nitrates
through leaching; it represents, however, the highest
moisture percentage of the entire season except for the last
determination, October 3» Since sampling on June 1 did not
occur until approximately 24 hours after raining had ceased,
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and moreover, as the air temperature was SO degrees
and the soli 59 degrees, this moisture percentage Is
perhaps somewhat lower than it would have been had sampling
occurred immediately following precipitation.
Summary of Part l»b
1. Nitrate accumulation was found to be highest in a loam.
Little difference was manifest between the sandy loam
and silt loam. The average for the entire season, however,
was slightly in favor of the heavier soil.
2. During heavy rains of late June and early July, nitrates
were leached at weekly intervals: first, from the sandy
loam; second, from the loam and third from the silt loam.
3. Dae to topography, the soil in plot 3 was first to become
saturated. Thus the order of nitrate removal does not
agree with the moisture holding capacity of these soils,
it being highest for the loan; second, for the silt loam,
and third for the sandy laom.
h. The moisture holding capacity of the soils was in order
of their organio content rather than fineness of texture.
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Part 1-c
Hitrate Accumulation as Affected by Barnyard Manure.
Previous observations oft heavily Manured com fields of
the College Farm seemed to indioate, from the color and
characteristics of the corn plants, that in the early stages
of crop growth there occurred a shortage of available nitrates.
Lyon (75) TOlthere (127) and others previously cited have
noted this depression when the carbon-nitrogen ration was
widened, as may result from heavy applications of barnyard
manure.
With the hope of throwing some light upon the previous
observations, a comparison is given between the nitrate
accumul tion of the manured and unmanured plots. These
determinations showed that even when 20 tons of cow manure,
rather high in wood shavings, were applied per aore, there was
no nitrate depression indicated, but rather a marked increase
in nitrate production on all manured plots. This is shown from
the date minatlons given in Table I of the appendix, also by
Figure III, page 50 where the average nitrates of the manured
plots 1 and 3 and the average of the unmanured plots 2 and *t,
an well as the nitrates for the manured plot % are graphically
presented.
Hitrates in the manured plots - even in the heavy soils
of plot 5 - were highest at the beginning of the determinations
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(May 15) and remained distinctly higher until July 34 when
the nitrates from all plots practically disappeared. Yet
the nitrates in the manured plots retained their higher
standing throughout the season.
These results would indicate that ordinarily normal
field applications of barnyard manure under the oondition
desoribed increase nitrate production in the soil. However,
temporary nitrate decreases have often been noted when heavy
applications of manure, high in undecomposed straw or wood
shavings were applied to soils low in nitrates. The theories
for such a loss are to the effect that by the presence of a
large supply of energy forming material furnished by the
manure, nitrogen assimulatlng organisms are greatly stimulated
in growth. These rapidly increasing numbers of baoteria compete
with the plant for the soil nitrates which are used in the
anabolism of the nitrogenous compounds of their own bodies.
It is possible that nitrate depression, caused by heavy
applications of manure, may at times be due to unfavorable
physical effeots produced in the soil. The high absorptive
power whioh organic matter has for soil moisture brings
the soil moisture to a point where nitrifioation would be
cheoked. When we find from the work of Richards (102) and
Tottingham (119) that with proper aeration, sufficient moisture
and oaloium oarbonate, nitrifioation was carried on in horse
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manure, it seems we are safe In assuming thst any
appreoiaole or extended depressive influenoe manure
might have on nitrate production or plant growth would
result from secondary causes suoh as ill physical effeots,
improper moisture relations or destructive oiologioal
disturbances rather than from an increase in bacteria
causing a decrease in soil nitrates.
The cultural treatment of these plots prior to sampling
may account for the persistently higher nitrates and the total
absenoe of a minor nitrogen oyole in the manured plots.
Stuoble was plowed under the preceding fall. The manuring
and preparation of the seed bed took plaoe very early in the
spring and some time before sampling began. These operations
may have allowed a proper adjustment of the oarbon-nitrogen
ratio, a correction of any ill physical effects of the soil
and encouraged hydrolysis and oxidization which must
neoessarily precede (33) nitrification, to become active
and properly adjusted before the nitrate determinations were
begun. That normal nitrification was in process at the
first date of sampling is indicated by the higher nitrate
standing of the manured soils at this period. This suggests
a method whereby conditions may be made favorable for ad-
justments between the manure and the soil processes before
planting occurs.
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Summary Part l-c.
Judging from the soil nitrates, whioh were
determined weekly on manured and unmanured plots,
there was no indications that 20 tons of manure,
rather high in wood shavings, in anyway retarded
nitrification, for the manured soils showed constantly
higher nitrate content whan did the unmanured soils
throughout the entire season.
Prom the data presented, the results of other
workers and previous observations on com fields
of
the College Farm, it seems that if the manuring
and
the preparation of the seed bed occur a few
weeks before
planting, there is little danger of a depression
of
nitrates or a check in plant growth from normal
applications of barnyard manure.
/AWi/£/VCE Of S/IRA/yXftD A?AA/i//?£ OA' Af/rtf/irS" /^/iOOUCT/O/V
FIG- 3. CO/}W PcOTS
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Conolusions for Part I
From the data hare presented it appears that
the three faotors most operative in the moisture and
nitrate retention of these soils, listed in order of
their importance, were: first, topography; second,
texture or soil olass; and third, organio matter.
It seems that faotors determining soil series,
suoh as topography, organio matter, arrangement of
soil in seotions, natural drainage, eto., (137) exert
a greater influence upon nitrate aooumulation in the soil
than does textural differences determining soil olass.
The rapid movement of nitrates from the higher to the
lower elevations indicates that nitrification may be far
more active in the higher soils of the field than in
those
of lower elevations and yet oontain less available
nitrogen.
This also suggests an inconsistency in an even
distribution
as well as a single application of nitrate fertilizer
on a
field varying in texture and topography.
The lighter oolor and earlier ripening of crops
on the
higher elevations of the field and the deeper
green oasts
and slow maturity of crops on the lower levels
might be
not only a question of moisture but also officii
nitrates.
Hormal applications of barnyard manure exert a
highly
favorable effect on nitrification in soils.
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PAHT II
Hitrate Accumulation in Orchard Soils
The purpose of this project is to study soil
nitrification as affected by different systems of orchard
management. The practices considered as influencing
soil nitrate accumulation are: first, sod and cultivation
with and without a nitrogen fertilizer; second, straw
mulching and third, single and complete fertilizer treatments.
Description of Soils
The orchard nitrate project is divided into seven
blocks which are designated as D, E, F, G, H, A, and R. The
first five blocks are located on the eastern slope of a
small drumlin, the soil of which has been classified by
the Bureau of Soils as Holyoke stony loam but would probably
be reclassified a Gloucester stony sandy loam. It is derived
primarily from igneous and metamorphic rocks with a small
amount of sedimentary material present. This material varies
in size from large stones to fine glacial flour. The surfaoe
soil is underlaid by a stratum of rather highly compacted
material which tends to prevent excessive drainage. Only
twice during the season did the moisture in this soil drop
below 18" per cent; thus, at no time did the trees materially
want for water.
Block A lies at the upper levels of the old glacial lake
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aad at the foot of the northwestern elope of the drumlin.
The soil is a sandy loam of the Merriaao series and ie a
typical water worked material. As it le deeply underlaid by
the same compacted stratum that Is found beneath the surface
soil of the druralin, it is vory efficient in aoisture retention.
The field of block R slopee gently to the west. The soil
ie classified by the Bureau of Soile ae Merrimao coaree sandy
loam, analysis, however, showed it to be a eandy loam, tbepite
the rather high percentage of coarse separates there has been
no Indication that the trees have materially suffered from a
lack of excess of moisture.
Plot Treatment
Each of the orchard blocks is divided into plots. Block A
is a cultivated project containing six one-fifth acre plots
whloh represent a nitrated and unnitrated series. The nitrated
plots are 3-5 and J; the unnitrated are 2-4 and 6*. Block S
ie a project comparing cultivated plots J and 5 with eod-nitrated
plote 2-4 and 6.
Block G and H are each divided Into two one-half acre plots.
One-half of each block is kept under cultivation and the other
half under four to six Inches of straw mulch.
Block D and F are serlee of sod fertiliser experiments with
treatments of plots ae given below in table III.
T,ab}e II£, Summary of Plot Treatments
Block : Treatment i
:
:
: Hone
:Acid :Acid Fhosphate
: Phosphate: 300
Sodium : 300 : Potassium sulphate
Nitrate: Potasstum: 200
300 J Sulphate t Sodium Nitrate
: 200 : TOO
i i Plots : Plots : riotrs : Plots
•
A : Cultivated
•
•
E : Cultivated
:
: sod
•
•
D : Sod
»
•
F • Sod
•
•
I 2, fc, 6 !
3, 5
I
1
> 6, 7
• •
! 3,5,7 t i
i : :
s : :
5
. *
5
! 2,M :
i *** 1 1 3
;
: 1, 3, 5 j 2, *
Grand H: Cultivated and Straw Mulch
The fruit trees of the above blocks vary in age from
ten to fifteen years*
Block R is divided into twelve plots, ten feet wide and
one hundred and twenty feet long. It is under a cultivated
cover crop system, but as cultivation has been only lengthwise
through the plots a space of about three feet down the tree
rows remains untilled. On this untilled area buckwheat and rye,
whloh has been used as a cover crop, has made more or less
growth, depending on the fertilizer treatments of the plots. It
was from this uncultivated strip that soil samples were taken.
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Table IV. Block R. Summary of Plot Treatment
Plot :
*
-w^-
pH value of soils
Fertilizer Treatment Pounds per Acre: limed : unlimed
2 : Sodium Nitrate . . . 160 : 5.9
3 s
T OA « 6.1
j
5-7
i ; Check . 6.1 j 5.7
5
j
: 6.1 !
9 « 320
160
|
6.1
'
I 5.6
10 I , 160
. 320
, 160
|
6.2
! 5-7
11 . goo : 6.1 : 5.6
12 : Check .... : 6.0 i 5-«
Each year, Hear the first of August, all cultivated plots
are planted to a cover crop which grows throughout the remainder
of the season and is plowed under between the middle of April and
the first of May the following spring. The grass on the sod
plots is mowed from time to time during the f*aj ^nd allowed to
remain on the field.
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Part 2-a.
Sod and Sod-Hi trated Plots versus Cultivated and
Cultivated-Nitrated Plots
It has been noted from the literature previously
oited that fruit trees in sod usually do not make as muoh
growth as do those in cultivation unless a nitrogen fertilizer
is used. Cornell (78) workers noted that during the first
four years of a Mcintosh apple orchard that the tree growth
was not as good on the sod-nitrated plots as on the cultivated
plots reoeiving no nitrogen. For four years at least on the
Cornell soil (Dunkirk silt loam) an adequate supply of nitrogen
can be maintained by the oultivation-oover crop system. It is
very probable that had cultivation continued over a longer
period there would have resulted a shortage of nitrates under
the cultivated system.
Shaw 1 s results at the Massachusetts Experiment Station
"Indicate that on this soil (Holyoke stony loam) apple trees
cannot be maintained in a good growing and bearing condition by
cultivation without fertilizers? His findings show heavier
bloom and better set on the sod-nitrated plots. It also appears
that more favorable nitrate relations for fruit-bud formation
can be established under a sod-nitrate program.
With the hope of throwing more light upon the question of
sod and cultivation in orchards, the seasonal nitrate trend
in the soils of the cultivated and oultivated-ni trated plots is
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oompared with the trend in the sod and sod-nitrated plots.
The effeot these treatments had on the nitrate accumulation
of eaoh plot is given in Table 5 of the appendix. A better
comparison is shown in the graph figure IV, page 62, where
the nitrates in all plots of the same blook similarly treated
are averaged. Thus plots 3, 5 and 7 of blook A represent the
cultivated-nitrated plots* while 3, 4 and 6 of the same blocks,
also 3 and 5 of block E, are the unfertilized cultivated plots.
The sod-nitrated plots are 3, 4 and 6 of blook E, while 6 and 7
of blook D represent the unfertilized sod plots.
It appears that the sod-nitrate program furnishes a nitrate
role strikingly similar to the one suggested by the men Previously
quoted as being optimum for fruit-bud formation. Notioe the
early rise and fall of nitrates in the sod-nitrated plots of
blook E. This ready supply of available nitrates early in the
season should furnish the nitrogen Alderraan (31) and wiggans (139)
found was needed in increasing the percentage of fruit-buds. It
should also encourage an early growth in the spur-leaf area, thus
facilitating rapid photosynthesis and the early carbohydrates
production desired by Chandler (18). The fall which ooourred the
first week in June was not too soon to encourage dropping of the
fruit, but perhaps soon enough to oheok growth, whioh, aooording
to Kiroy (60), Gourley (38) and others, seemed to be advantageous
in enoouraging fruit-bud formation. This rapid drop in nitrates
•As there were no cultivated-nitrated plots on the bromlin soil,
Blook A, a slightly different soil type, had to be included. To
show the similarity in the nitrate trend of blook A with the
bromlin soils a cultivated plot from eaoh is plotted separately.
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after a period of abundance, and also of rapid growth
would tend, it seems, to widen the o^rbohydrate-hitrogen
ratio, as did the ringing done by Curtus (35) and at exaotly
the optimum time as shown from the work of Drinkard (38)
and the ringing experiments oonduoted by Shaw (107).
The nitrates were low in the oultivated-nit rated plots
during the month of May when nitrates were most needed, and
at which time nitrates were being supplied to the trees on the
sod-nitrated plots. This nitrate decline, under the oultivated-
nit rated treatment, between the first and thrid weeks of May
strongly indioates the operation of a minor-nitrogen oyole.
The first determination on April 39 gave only a mere traoe of
nitrates. The following day, April 30, three hundred pounds of
sodium-nitrate was applied per acre and it, with the oover orop
of buokwheat, which had been planted the previous fall, was
plowed under. The rise of nitrates on the second date of
sampling (May 6) simply indioates a partial recovery of nitrates
added. With conditions favorable for baoterial activities,
inoluding a ready supply of carbohydrates as food, there ooourred
a rapid multiplioatlon of nitrogen asslmulating oaoteria whioh
caused soil nitrates to decline for a period of about two weeks.
Upon the death of these organisms and the decomposition of the
nitrogenous compounds stored in their bodies, there resulted a
rather rapid rise in available nitrates. The marked aooumulation
of nitrates in these same plots during June and early July
would tend, it seems, to narrow the oarbon-nitrogen ratio Just
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at the time it needed widening and also stimulates spur,
shoot and leaf growth at the time they needed oheoking.
Only onoe during the season did the nitrates in the
cultivated unfertilized plots of blooks A and E reach 15 parts
per million. Although the highest nitrate accumulations in
the cultivated plots are far below those in the cultivated-
nitrated plots, it is interesting to note that the maxima for
both treatments ooourred at about the same time, that is,
during June and early July.
There was seldom more than a trace of nitrates found in
the unfertilized sod plots of block D.
The heavy precipitation oocurring the latter part of June
and first of July is thought to be largely responsible for the
final drop in nitrates in all plots. Gourley's (40) work at
Mew Hampshire, which oovered a period of four years, showed a
similar drop during the wet summer of 1916 while, in the other
three years, the highest nitrate accumulation ooourred in
August. He too found that most rapid nitrate aooumulation did
not occur until aft ;r June first in his tilled and tilled
oover-orop plots. His work with that of Lyon (77) also shows
that nitrification proceeded very slowly in the unfertilized sod
plots.
This nitrate disoussion ia based upon the findings of one
season's work only and, although from the nitrate standpoint
it appears that the sod-nitrate program is far better suited to
meet the requirements tff the nitrate role in orohard management,
the data here presented are perhaps insufficient to warrant
any final conclusions. As to what would have been the nitrate
trend in these blocks under different seasonal conditions, suoh
as a shortage in the moisture supply, is hypothetical.
As the projaot for blook A has only been in progess one
year, information is not yet available as to the effaot which
the cultivated and cultivated-nitrated program will have on
fruit production. There exists, however, a definite cor-
relation between soil nitrates and fruit production in the
sod-nitrated, and cultivated plots of blook E. Yields re-
ported by Shaw (106) for the years 1931 to 1934 inolusive,
show that there has been approximately twice as high a yield
in favor of the sod-nitrated plots. This has been due largely
to better fruit-set, to an inorease in tree growth, and perhaps
to better fruit-bud formation, although the latter is hard
to determine. Even a muoh lower yield and poorer growth has
been obtained on the unfertilized sod plots than on the un-
fertilised cultivated plots.
From the results of this work, it seems that there is
little hope of supplying sufficient nitrogen - in these soils -
to maintain a good growing and bearing oondition in the apple
trees, unless a nitrogen fertilizer program 13 inoluded in the
system of orchard management. This nitrate program must now
include not only the maintaining of an ample food supply to
the growing orop, but the soil nitrates must be sufficiently
under oontrol that nitrification oan be stimulated and retarded
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at the proper time, and thereby establish a oarbon-ni trogea
relation suited for optimum production. It appears that the
possibilities of effeotivaly controlling the nitrate trend
in orohard soils is far greater tinder a sod-nitrate program.
Summary of Part 2-a
i, Hitimtes rose and fell at an earlier date in the sod-
nitrated plots than under any other treatment.
3. During May nitrates were low in the cultivated and
cultivated-nitrated plots, but at maximum accumulation
under the sod-nitrated program.
3. The maximum nitrate accumulation for the cultivated and
cultivated-nitrated plots occurred during June.
4. The nitrate production was low in the unfertilized
cultivated plots.
5. There was seldom more than a traoe of nitrates found in
the unfertilized sod plots.
6. Fruit yields for 1931 to 1924, inclusively, are correlated
directly with nitrate accumulation on the sod-nitrates,
cultivated and sod plots being approximately intthe
following ratio, 4-2-1 respectively.
7. Yields are not available for the cultivated-nitrated plots.
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Part 2-b
The Accumulation of Nitrates under Straw Mulch
and Cultivation
Blocks G and H cover an area of about one acre and are
located on the eastern slope of the glacial drumlin. The
project was begun in 1922. Liberal appliaations of swale
hay and similar material have been applied to the mulch plots
twice a year so that four to six inches of straw mulch is constantly
maintained. The cultivated plots received no fertilizer and
the cultural methods were the same as for all cultivated plots;
page 55.
The eastern slope of these blocks is rather marked. To
partially overcome the inequality brought about by such a
condition, the mulch plots of each block and the cultivated plots
of each block were arranged in direct diagonals from each other,
as shown in the chart below.
Chart I Block H Block G
Mulched Cultivated
»8.2 6.6 North
Cultivated Mulched
1A
Percentage organic matter
The difference in elevation of these plots accounts for the
slight nitrate variations occurring between similarly treated
-6U—
plots, table 7, page 6, of the appendix.
The diagonal location of the similar treatments permits
averaging the nitrates and moisture for the two mulched and two
cultivated plots. These averages, showing the difference in
nitrate and moisture accumulation under the straw mulched and
cultivated plots, are show in figure 6, page 69.
ffitrate accumulation for the mulched plots is invariably-
higher than for the cultivated. These differences became
greater as the season advanced. The mulohed plots are rather
outstanding in that they are the only plots in the entire
project which show a gradual gain in nitrate accumulation
throughout the season. They also show a higher seasonal nitrate
average than any plot in the entire orchard project? The average
nitrates, in parts per million, were 3^.89 for the straw mulched
plots and 10. 07 for the cultivated. The highest nitrate average
for any of the other treatments is found in the cultivated nitrated
plots of block A, averaging 25.76 parts per million.
These seem to be rather unusual results, for other workers
have noted a depressive influence of straw both under laboratory
(gg), (117), (51) and field conditions (57), (27), ^hen the straw
was incorporated in the soil, (91) when straw extraot was added
to water cultures (22) or when straw was used as mulch (1) (105).
•With the exception of plot 2 in block R; a young orchard, a
different soil type, and a very erratic plot.
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Th* recant work of Albraoht (2) end 3cott (105)
shows a marked depraaaion in nitrification by the use of
straw as a mulch, in Albrechfa work the mulch of the preceding
year ana removed in tha spring, tha plots plowed, harrowed
and aix tons of straw applied par acre. litrate determinations
ware made at six-week intervals throughout tha year. In all
oases, the mulched plots showed lower nitrates than tha un-
mulohed. He attributes this depression to tha bad physical
affect produced in the mulched soil. Referring to this he
states, "With equal proportions of moisture in both soils,
that from beneath the mulch was plastic, sticky and of poor
tilth, but the unmulohed soils worked wall.* than these aoils
were taken into tha laboratory and placed in poto, those from
mulched plots invariably showed greater nitrifying powers.
Tha superiority of the soils from the mulched plots was eepeoially
marked when they ware air dried, then brought back to their
original moisture percentage. AlbreohtU conclusions ares
*Straw mulch, in applications as heavy as six tons per acre,
cuts down evaporation, thereby Increasing the moisture, lowering
the temperature and preventing tha normal exchange of air, all
of which induces a poor physical condition and unfavorably
environment for nitrate accumulations
In the investigation with blocks 0 and B, no ill physical
effects ware noted in the soil under straw mulch. Although
the moisture was slightly higher throughout the season under
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the mulched plots (figure 6, page 92), it seemingly
oaused no bad effects. There was little difference in
the weekly soil temperatures of the two treatments; table 7
of the appendix. The average temperature for the mulched
soils was I5.6 degrees centigrade and 15.9 for the cultivated.
Thus the forces operating in the depression on nitrates in the
soils under straw mulch studied by Albrecht were not active
in the soils studied here.
Other variations between this work and that of Scott
and Albrecht lie in the time element and cultural treatments.
For the past five years, these plots have not been plowed and
new applications of straw have been made every sping and fall
without the removal of that previously applied. There may have
been some reduction in nitrification by the first applications
of straw even though none was noted in the appearanoe of the
trees. It seems very possible that after a short time an
adjustment was made between the biological processes and the
organic matter present so that now normal nitrification takes
place. This method of application should not greatly alter
the soil complex, when once properly established, for before
the straw is actually incorporated with the soil it is rather
well decomposed and the organic supply is uniform.
The problem of soil aeration might have been an acute one
with some other soils similarly treated. That it did not oocur
here is perhaps due to the high percentage of very coarse loose
material making up the texture of this soil.
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That nitrates on the mulched plots were very
abundant is not only evident from the determinations but
the trees are somewhat larger, show a distinctly deeper
color and a far sore luxuriant growth than those on the
cultivated plots. Total yields are perhaps a little better
under the mulch but not so marked as would be expected from
the difference in appearance of the trees. As yet the
nitrifiable material is still relatively abundant in the
cultivated plots, as is indicated by the nitrates produced and
shown by the organic determinations, chart 5, page 63. Under
continual cultivation, this organic supply Till m time be
exhausted, then nitrates as well as yields may be expected
to diminish, as has been the case in the older cultivated
plots. Thus greater differences in yields are expected to
appear in the future than has previously occurred between these
cultivated and straw mulched plots.
Summary of Part 2-b
1. Nitrate accumulation under the heavy straw mulch
is invariably higher than under cultivated.
2. This difference becomes greater as the season advances.
3. The mulch plots are the only plots in the entire
project to show a gradual gain in nitrates throughout the entire
season,
.
K More nitrates were found in the soil under the straw
muloh than for any other treatment in the entire orchard project.*
•With the exception of plot two in block R, a young orchard
a different soil type and a very erratic plot.
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5. The abundance of nitrates under the straw
Btu.lch is manifest by a large tree growth, having very
luxuriant deep green foliage.
6. Ho ill physical effects of the soil or biological
disturbances were noted from the use of straw as a mulch.
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Part 2-c
Some Relations Between Fertilizwr Tt*
Tree Growth and Nitrate A^laUoJ?^11* 8 '
This orchard was planted in 1922 on an area then
known as the "North Soil Test*, but since designated as
block R. For some thirty-six years prior to the planting
of the orchard, various field and garden crops were grown on
this soil under a fixed fertilizer urogram. This fertilizer
program, table
,
page 55, was unaltered when the orchard was
planted, except that acid phosphate is now used in place of
bone black, and that liming, which occurred on the lower half
of the field, totaling four and one-half tons in all, was
discontinued in 1916.
There was a marked variation in the nitrate accumulation of
the plots in this block. This is due to the differences in
fertilizer applications associated with the previous lime treatments
which have greatly affected plant growth, and all of these
factors have combined in influencing nitrate accumulation. This
is seen tn the following table which gives the average nitrate
accumulation for both the limed and unlimed halves of each plot,
as well as the total shoot growth made by the apple trees during
the years 1922-1923 and I92IJ-.
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Plot
{Fertilizer :
{Treatment :
Shoot growth for 1922-23-24:
Given in feet and inches
Limed :Unlimed :
Average nitrate
accumulation in
: parts per millic
> Limed !Unlim«d
2 : K :
i :
11.4 I88.5 i 159.2
3 1 : P : 9.8 t 8.9 6.i
;
5.3
4 - i Check : 14.6 : 19.0
! 9.7 1 11.6
24.6 : 14.5
i ]
10.7
9 P - K s 48.3
|
6.6 I 8.3
10 : V - P - X: 3^.1 i 23.9
I
15.0 :
l 9.9 |
M
11 ; 8.0 ! 8.0 6.6
}2 i Check : U*l « 7-9 i M322
These results are graphically represented in figure 6,
page 72.
Except fox the phosphate-potash plot 9, and the two check
plots 4 and 12, all plots showed a greater nitrate accumulation
on the *limed" halves, and except for the nitrate plot 2 and the
check plots, all tress showed greater shoAt growth on the "limed"
halves.
Even though this soil has received no lime since 1916,
its effects are still manifest not only in the lower pH value
of the "limed" halves, table IV, page 55, but also in higher
nitrification and greater plant growth. Inoreased yields from the
use of lime on an acid soil is frequent (128) (90) (66) (13)
andare greatly facilitated by the increased nitrate production
on the limed soils (92) (67) (112) (4) (20) (94).
The luxuriant growth on the "limed" portion of plot 9, in
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oontrast to that of the unlimed, is thought to he responsihle
for the lower nitrate accumulation found in the limed half,
figure 7, page (Also see plate I, page 76).
The lower nitrate accumulation and shoot growth on
the "limed" half of the check plots, compared to that which
is now being obtained on the unlimed, is attributed to the
feigher crop yields secured on the limed area prior to the
planting of the orchard.
Between 1901 and 1922 approximately twice the amount
of plant material was produced on the "limed" halves of
these cheok plots as was produced on the xuilimed (43). It
appears that the liming, which occurred prior to 1916,
promoted a more thorough exploitation of the limed soils
which furnished a more liberal supply of available nutrients,
and thus higher crop yields (6k). Higher yields have meant
greater removal of soil minerals and finally a lowering of
the productive capacity of the once limed portions below
that of the unlimed, yet not below that of several of the
other plots, for remarkable growth and high nitrification
are still obtained on these checks, even though they have
reoeived no fertilizer for over thirty-six years. This not
only shows the high original fertility of the soil but,
when comparisons are made between the growth obtained on the
check plots and that obtained on plots 2, 3 and 11, it also
appears that applications of calcium sulphate, acid phosphate
and sodium nitrate are now tending to retard, at least
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failing to stimulate tree growth. The first two of these
materials is also depressing nitrification but the average
nitrate accumulation on the sodium-nitrate plot 2 is
approximately fourteen times that of any other plot in the
series. For over five weeks, during the later part of June
and early July, the nitrates on neither the limed nor the
unlimed portions of this plot fell below three hundred parts
per million. On July 1, it reached its maximum, the limed half
showing k9&.J parts per million. (Table «, page 7 of the appendix).
The seasonal nitrate average for the entire plot was IJ^A,
This high nitrate accumulation in plot 2 stands unparalleled,
as no other plot in the entire orchard project gave an average
nitrate content of over 4-6 and no other plot in block R had an
average above Ik- or reached a nitrate content higher than 50
parts per million.
Plot 2 and the complete fertilizer plot 10 have received
the same amount of sodium nitrate annually for the past thrity-
six years, yet only once* during the season did the letter plot
reach a nitrate content of over 19 parts per million. (Figure 7,
page 79 ). This fact, coupled with the small amount of nittates
present on the first and last date of sampling, shows that all
the nitrates produced in plot 2, reaching k$S parts per million,
were solely the product of this season's nitrifying processes
•On May 15, plot 10 showed a nitrate content of 4-2 p. p.m.
but as sodium nitrate was applied to this plot only four days
prior to the date of sampling it is evident that the fertilizer
and not nitrification was responsible for this rise.
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tad not the results of several years* nitrogen accumulation
la the nitrate form.
The oarer orop and Usee of plot 2 grow very sparingly.
Both crop., however, show a auch deeper green oao-t than that of
any other plots indicating a higher percentage of nitrogen in
the plant tissue. Thue, »hile the total cover orop plowed under
In plot 2 le saall, the quality of this material may he such
that the actual quantity of nitrogen returned to the soil is
perhaps equal to that of any other plot, (12), hut, ae this fact
alone can only partially mecountyfor the high nitrate «ccu«a tion
ia this plot, there is strong indications that free nitrogen-
fixing bacteria are operative or that nitrates are not wholly
removed from the soil during the winter, hut sorely converted
into an unavailable form to be released again the following summer.
It Is possible that all of thee* factors were more or less
operative In the high nitrate accumulation of plot 2.
There exists a rather constant relationship between nitrate
production and plant growth on these plots. This is in harmony
with the wort of others previously cited. »lt is conceivable
however, as 4llen (fc) states, "that conditions which limit the
growth of higher plants in one Set o" plots mmf be different fr^s
those in another. The factors or set of factors nay Unit
nitrification, title others not? This Is borne out in the case
of plot 2 where frotors operative in checking plant growth did
not check nitrification.
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Plot 9 Unlimed
Plate I. Block R. Comparison of Cover Crop
and Tree Growth. August 25, 1925.
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Summaxy of Part 2-c
3U No lime lias been applied to thie field
since 1916, yet its effects are still manifest not only
in a lower pH value of the limed halves but also in
higher nitrification and plant growth.
2. Thirteen out of the sixteen treatments showed
that lime encouraged nitrate : accumulation and shoot
growth.
3. Excessive growth was thought to be responsible
for low nitrates in the limed half of plot 9.
The high growth and nitrate obtained on the
check plots indicate the high original fertility of this
soil.
5. The lower yields and nitrate production on the
"limed" half of the check plots is attributed to the heavier
yields obtained on this area prior to the planting of the
orohard when liming was practioed.
6. When comparisons are made with the check plots
it appears that sodium nitrate, acid phosphate and calcium
sulpahte after oontinual use for thirty-six years are
retarding growth. The last two of these salts are also
retarding nittification.
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Conolusions for Part II
It appears impossible to furnish the soils with
sufficient nitrifi able material to maintain a good
growing and hearing condition in the apple tree,
unless the system of orchard management inoludes a
nitrate supply from an outside source.
This nitrogen supply may be furnished through
the addition of commercial fertilizers or by the use
of a heavy straw mulch. The latter, however, because
of its nature, is limited in its use to small areas and
perhaps to suitable soils.
w JL"*
PART III
Hitrate Accumulation in Tobacco Soils as Affected
by the Date of Plowing under Timothy and Rye Cover
and as Influenced "by Organic and Inorganic Sources
of Hitrogen
Timothy is being used extensively as a oover crop
in the Connecticut Valley tobacco fields. However,
experiments conducted at the Massachusetts Agricultural
College Experiment Station (56) indicate that timothy cover
has depressed rather than improved tobacco yields. Nine out
of the ten cover crop plots under consideration during 1923-192 1}-
and 1925 gave smaller yields than did the plots with no oover
crop. The average tobacco yield for these three years on
the timothy cover crop plots was 1129 pounds per acre, while a
similar number of no cover crop plots gave an average yield of
1302 pounds per acre. Brown of Maryland (10) reports a
depression in tobacco yields of 1*10 pounds per acre when rye
was used as a cover orop. The quality of the tobacco was also
superior on the non-cover crop plots.
From the Cornell work of 1923 (75) and 192^ (7*) , it
appears timothy roots when incorporated with the soil have a
depressive effect on nitrification. The investigation of B. D.
and J. K. Wilson, (130) , shows that timothy is less easily
oxidized than are the residues from clover when the two are mixed
with the soil. They found that organisms were considerably
fewer in the early counts made from the timothy cultures than
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those made from the clover, but the later counts were In
favor of the timothy cultures (130). "Since the assimilation
of nitrate nitrogen ie associated ~ith the process of organic
decomposition, the withdrawal of nitrates from the soil solution
in a soil in which the residues of clover have been incorporated
would not be as prolonged as In a soil in which timothy residues
had been Introduced, because of the more rapid destruction of
the clover material. This order of performance is offered to
explain the characteristic depression of nitrate nitrogen In soil,
exerted by timothy and clover residues? Starkey (111) found that,
of the six materials tested, cellulose decompose* nost slowly and
that rye straw case next, followed in turn by alfalfa meal,
fungous material, dried blood and dextrose. He also stated that
in the presence of rye etmaw, nitrate nitrogen entirely disappeared.
The fact that timothy and rye depress nitrification and have
retarded tobacco growth naturally provokes the question: Are the
lower tobacco yields resulting from the use of timothy and rye
as oover orops due to a shortage In available nitrogen brought
about by the depressive effects these plants have on nitrate
production? with the hope of throwing some light upon this
queetion,
the following experiment was inaugurated.
Description of Soil and Field
The soil upon which the present experiment was conducted
was
fertile and in good tilth in the fall of 192* when the
Investigation
was started. The field consists of twelve plots thirty
feet wide
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and one hundred feet long which are in turn divided
longitudinally into series A and B, figure 2
, page 87
The soil belongs to the Hartford series. The texture, however,
is rather irregular ranging from a loam on the lower eastern
plots 65 and 69 to a sandy loam on the higher elevations of
plots 6^ and 70. But for a marked depression leading westward
through the extreme southern end of plots 59 and 64-, the drainage
from this particular field would have been toward the east
rather than down the gully toward the west.
Plot Treatment
For three years preceding this investigation, tobacco
was grown on this field under a normal system of management.
In the fall of 192^, plots 63, 6\ 69 and 70 were planted
to rye, plots 62 and 68 were left fallow and the remaining six
plots were seeded to timothy. The following spring the plowing
was done at intervals with the hope of determining whether or
not the quantity of timothy and rye returned to the soil would
in anyway alter nitrate production or crop yields.
The first plowing occurred on April 6 and included timothy
plots 59 and 65 and rye plots 63 and 69. Timothy plots 60 and 66
and rye plots 6k and 70 were plowed one month later, May 7. Due
to the rank growth of rye at this date, it was deemed inadvisable
to further delay the plowing on the rye plots. Consequently,
only the timothy plots 6l and 67 remained until the last date of
plowing which occurred May 22. The check plots 62 and 68 were
not plowed but disked on April 10, May 11 and May 29. All
previously plowed plots were also disked on these dates.
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Summary of Culture Previous to Plantinp
;
Date
Plowed
Timothy: Kye
Plots t Plots
Timothy
riots
Diskad
Tlye
Ploto
-h-:Ck
April 6
April 10
May 7
May 11
May 22
59, 65 : 63,69
I
:
60, 66 s 6^70
61, 67 :
59, 65 « 63, 69 62, 63
59,65,60 66 : 63,69,6^,70 : 62, 63
:
:
All Plots
To investigate whether nitrogen, when derived from organic
or inorganic sources, would in anyway influence the decomposition
of the timothy and rye, or niter the nitrate production or
tobacco yields, the halves designated as series A and B were
fertilized differently, in that twice as much cottonseed meal
was applied to series A as to series B, the quantity of nitrogen
being equalized by a corresponding increase of ammonium sulpahte
la the latter series. Thus while the 5 -k -5 fertilizer oarried
the same amount of plant food in all cases, series A represents
a normal tobacco fertilizer receiving most of its nitrogen in
the organic form, whereaa the nitrogen applied to series B
comes primarily from ammonium sulphate, an inorganic form.
3umraary of Fertilizer Treatment Given in Pounds per Acre
Fertilizer Series A Series B
Ammonhos
Fish
Sulphate ammonia
Cottonseed meal
Sulphate potaah
233
262
233
197
235
H07
262
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Moisture Relations
Beginning May h and continuing until September 9,
weekly nitrate and moisture determinations were made on
the A and B sections of all plots. In obtaining each soil
sample, twenty borings were made, six of which were tnken in
close proximity to the plant, the rest being procured midway
between the tobacco rows, and the remaining procedure was a8
previously described.
From the moisture determinations, table 10, of the appendix,
it is evident that there exists a marked variation in the
moisture content of the east and west portions of the field. The
northern half of the field also maintained a slightly higher
moisture content than did the southern half. There differences
were induced by the irregularity of the soil type which was
augmented by surface drainage.
The greatest variation was between plot 70 with an average
moisture content of twenty per cent and 59 with an average
moisture percentage of forty-two. These plots represented
the lightest and heaviest soils of the field. Even though the
range in moisture is rather great, this variation is not so
serious as the percentages would indicate, for the moisutre-
holding capacity of these soils shows that the heavier soil nevwr
reached two-hhirds saturation and the lighter soil averaged
about one-half of its moisture-holding capacity. While the
moisture variation between plots is rather high, the fluctuation
within the plots is very low, (table 10, page 9 of the appendix),
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From work previously cited, it would seem that
the moisture content of the lighter soil, averaging
twenty per cant, would be ideal for nitrification, in
view of the high moisture-holding capacity of the heavier
soil and the fact that even with this high moisture
percentage the soil temperature was not lowered, it is not
likely that nitrification was greatly altered by an excess
of moisture. It is, therefore, beliwved that the nitrificatio;
processes were not greatly affected by differences in moisture
percentages. In case there should have been some impairment
in nitrification from excess moisture on the eastern plots,
it would only have tended to emphasize rather than detract
from the findings brought out in this discussion.
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PLOT 65
Timothy
i
Plowed Apr.
6
i
s
I
I
i
B
i
PLOT 66
i
i
i
i
Timothy
i
Plowed May 7
B
PLOT 67
i
i
i
Timothy
i
Plowed May 22
i
i
i
I
\
i
B
i
PLOT 68
i
i
i
i
Check
i
i
Disked
i
i
t
i
1
PLOT 69
i
i
I
Plowed Apr.
6
i
i
i
i
i
i
PLOT 70
i
i
Ry,e
i
Plowed^ May 7
l
i
i
i
i
i
» B
PLOT 59 PLOT 60
Timothy
i
PIoweA Apr.
6
I
i
I
I
Timothy
Plowed May 7
t
!
i
I
I
i
A j B
i
i
PLOT 61
i
i
i
Timoihy
i
i
lowed May 22
i
!
i
PLOT 62
i
i
i
Check
Disked
i
PLOT 63
i
i
i
I
Rye
i
i
Plowed Apr.
i
i
i
i
i
i
i
i
i
!
B
i
i
i
i
PLOT 64
l
i
i
i
Rye
i
i
Plowed May 7
A
Chart II. Plan of Tobacco Field
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Plate IV. Rye Cover Crop on April 6, Date of First Plowing.
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Plate V. Timothy Cover Crop on May 7, Date of Second Plowing.
Plate VI. Rye Cover Crop on May 7, Date of Second Plowing.
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Part 3-a
Hltrate Accumulation In Tobacco Soils an Affootadby tho Data of Plowing under Timothy and Rye ?han
used as a Cover Crop.
The tirsothy cover was beginning to show green shoots
and the first leaves had developed on the rye by April 6,
the date of first plowing. At the time of the second
plowing, one month later, the timothy had mode four to six
Inches growth while the rye stood about two feet high (cee
photographs, pages 66 to 91). The timothy cover on the two
remaining plots was very dense and stood some twelve inches
high before it was plowed under on May 22,
The influence the above treatment exerted on nitrate
accumulation is shown by the graph on page 98. It ie evident
from this oo^parison that there exists a definite relationship
between dates of plowing and the quantity of nitrates produced.
The soil from the earlier plowed timothy plots 59 and 65 and
rye plots 63 and 69 oontained a much higher nitr-te content
throughout the entire season than did timothy plots 60 and 66
and rye plots 6h and 70 which were plowed one month later, Kay 7.
The plots plowed Bay 7 also ehowed higher nitrate accumulation
than did the two timothy plots 6l and 67 which remained unplowed
until Kay 22. These dlfferonoes are rather marked as is shown
when the nitrate determinations from all early plowed timothy
plota are averaged «ad all early plowed rye plots; and these
averages compared with the similar averages for the later
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plowings, as seen in the table below.
Table Nitrate Averages Under Different Dates of Plowing
C-alture :
Average Nitrate Accumulation
Timothy Rye Check
Plowed April 6 : 162.1 ! 116.9
Plowed May 7 57.7 1
Plowed May 22 62.9
Disked Apr. 10-
May 11-May 29
! 131.7
Had the check plots been plowed rather than disked, it is
very probable that the nitrate accumulation would have been
still greater. The high nitrate standing of the fallow check
plot, accompanied with the faot that plots upon which the
greatest oover crop growth occurred were lowest in nitrate
production, and the plots upon which the smallest cover crop
was produced were highdst in nitrate production, indicates that
timothy and rye oover orops exert an unfavorable effect upon
nitrification and that a favorable condition was produoed by
early plowing. It is not known which of these forces, the time
of plowing or the increased quantity of cover crop, was most
influentail in causing these nitrate variations. It is very
probable that both were operating, the former in stimulating
nitrification, the latter in retarding it.
Regardless of the date at which these plots were plowed,
there seemed to be required approximately one month before
nitrification was greatly increased. The first determination,
(May approximately one month after the date of first plowing
showed that the nitrate content of these earlier plowed
plots was 63 and 36 parts per million for timothy plots 59
and 65 and rye plots 63 and 69, respectively. The oheok plots
62 and 68 on this date (May k) showed a nitrate content of
58.8 parts per million. On June 8, one month after timothy
plots 60 and 66 and rye plots 6k and 70 were plowed, the soil
contained approximately the same amount of nitrates ad did the
earlier plowed plots one month previous. This same relation
holds in the case of the soils plowed last (May 22) ; that is,
it was approximately one month after plowing before marked
nitrification began, and the accumulation is about two months
behind that of the earliest plowed plots. (Table
,
below).
Table Date of plowing under Timothy and Rye
, Plots
Hitrate Parts Per Million Dry Soil
:May 4-0ne
!mo. after
:1st plowing
:June 8
:1 mo. after :
: 2nd plowi ng:
June 22
1 mo. after
3rd plowing
Plots included
in first :
plowing
: Timothy 59.65
Rye 63.69,
'Check 62.68
! 63.8 :
: 36.2 :
1 57.2 1
• 113.6
i 97.0 !
83.0 :
: 220.1*
[ 168.0
1W.Q
Plots included
in second !
plowing
: Timothy 60.66i
•Rye 6^.70!
! Tr !
: Tr !
53.5 i
i 32.2 :
: 101.3
;
77.6
Plots inoluded;
in third
plowing
Timothy 61.67!I Tr )
1 4
| 1
>
i 13.3 i
; i
! 66.6
1
1
These results confirm the findings of Percival (85) and
others previously cited, that nitrific tion does not occur until
the organic matter is in the advanced stages of decomposition.
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H» lsngth of Mm ola-^lae betwan ploidng ana
nitrification «uld tar, b*» M„er tn proporUon fc th>
"°Unt
°
f 0reM,1° raM" "toWttmw^^
a great variation in soil tMTwntntyi w.*9a!peratur
*' bat a. the eoil temperature
r««ed fro- tea to twenty degrees centigrade between the first
and laet d.tee of plowing (table
, of the npr*ndlx) ^
any fluctuation in aoisture, rapld aeco^oeition
1
oocnrred m the late, plowed plots, whioh tended to offset the
depressive effeot of the increased amount, of org.nie
.nttsr.
Had it not been for the heawy leaching of nitrate. -
caused by July rains * it Is v*rv nw» A** *» ^ y ii&eiy that nitr te accumulation
la these later plowed plots, which contained an abundance of
uitriflable aat,**!, would haw, continued later into the eeaeon
than the accumulation in the earlier plowed plot,. That the
upward nitrate trend continued on, w,ek longer in the later plowed
90110 ln fc and dieted plots «ay be soas
proof in favor of this supposition.
During the heary rains of July, washing occurred on the lower
ends of the first sir plots injuring soae of the tobacco. Con-
sequently, yields were only recorded for plots 6*5 to 70. Ae
there remained only one plot representing each trestswtt, such
•trees should not be laid upon the yield records.
Although there existed a marked variation in nitrate content
of these plots, this variation is not manifest ln the tobacco yield,
as there Mi to be no correlation between nitrate accuaulstion
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and the crop produced. The greatest differences in yield
appeared between the timothy and rye plots, but the sig-
nificance of this variation is questional be in that only
five plots are involved, all of which have been treated
differently and whose ooils are rather variable.
1222 lbs. per acre.
3-359 * " "
1269 » B »
1197 « «
11§4 lbs. per acre.
1105 « « «
While this investigation shows that when plowing is
delayed and a go ;d growth of timothy cover is turned under there
results a marked depression in nitrate accumulation, there is no
evidence from the appearance of the tobacco or the yields
obtained that the soil nitrates or the cover crops limited the
growth of the tobacco. The reason why this nitrate depression
was not manifest in the crop yield was because of the heavy
applications of nitrogen fertilizer (150 lbs. of ammonia per
acre applied June 5) associated with the high nitrate producing
capacity of this soil, which was able to furnish an abundance
of nitrates to the growing crop even under the unfavorable con-
ditions produced by delayed plowing of the cover crops.
It is very possible, however, that in soil with lower
nitrifying poweresthis depressive influence which timothy and rye
exert upon nitrate production would be plainly manifest by a poorer
Yield Records
Timothy plot
H A
Check plot
Rye »
n h
65 Plowed April 6
ob » May 7
67 » May 22
63 Disked
69 Plowed April 6
70 Plowed May '(
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growth In the crop which followed. Thus the lower tobacco
yields others have obtained by the use of timothy and rye as
cove* crops may be largely a question of insufficient nitrogen
brought about through the ill effect these graeees have on
nitrate accumulation.
Summary for Part 3
1. There existed a definite relationship between the
dates at which timothy and rye cover crops ware turned under and
the quantity of nitrates produced.
2. Earlier plowing and smallest cover crop were associated
with greatest nitrate production.
3. Later plowing and largest cower crop were associated *ith
lowest nitrate production.
». The growth of the cower crop prevented nitrate
accumulation early in the season and, even after these crops were
turned under, there was a period of d oomrositlon lasting
approximately one month before pronounced nitrification occurred.
5. Highest nitrate accusul? tlon wan acco-spsnied with most
rapid tobacco growth.
6. Because of the heavy applications of nitrogen fertilizer
and the high nitrate-producing power this soil
- ossessed, the
tobacco did not lack for nitrogen regardless of the plot treatments.
Therefore, lower yields were not accompanied with depression in
nitrification.
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Part 3-b
by Fertilizers high in Organic and Inorganic Sources
Crops!
n Tlffl0thy Rye are used as Cover
More perhaps from the result of experience than from
the result of experiments, organic nitrogen, principally cotton-
seed meal, has become the major nitrogenous constituent of
tobacco fertilizers. With the hope of throwing some light upon
the question of the use of organic and inorganic soucoes of
nitrogen for tobacco fertilizers, but more particularly to
determine what influence, if any, these sources would exert upon
nitrification when associated with decomposition of timothy and
rye as cover crops, each plot was divided longitudinally - as
previously described - into A and B series, the former series
receiving the greater part of its nitrogen from cottonseed meal
and the latter from ammonium sulphate, see page
There were twelve duplications for each of these fertilizer
treatments.
An average of the weekly nitrates produced in series A
and B is shown by the graph on page It is evident from the
similarity of the soil nitrates produced under these treatments
that there was very little difference in the rate at which these
fertilizers nitrified or the influence they exerted upon the
nitrifioation of the cover crops plowed under. The seasonal
average for nitrates in series A and 93 parts per million and
for series B, gk.
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It Is very probable that in a less acid soil the
ammonium sulphate would have nitrified more rapidly than
the cottonseed meal but as this eoil had a pH value ofM the reverse was true, for the early nitrate deter-
minations shoved that nitrification was
..lightly greater
under the organic treatments. These findings are^n accord
with those of other men previously cited.
There was little difference manifest in the tobacco
yields betveen a and B series of this field. The average for
the A series being l»7 and for the P series 1227 pounds oer
acre.
nummary for Part 3-b
1. There was little difference manifest in the rate
at which cottonseed meal and ammonium sulphate nitrified or
the effect they produced on the nitrification of timothy and
rye when used a8 a cover crop.
2. There was no significant difference in the tobacco
yields whether the nitrogen was derived from a fertilizer high
in cottonseed meal or high in ammonium sulphate.
S> /=K
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-102-
Conclusion8 for Part III
The fact that timothy and rye when used as cover crops
on tobacco fields greatly delayed nitrate production indicates
that the depressive effect these plants have exerted upon
tobacco yields is due to their unfavorable action upon
nitrification. As the depressive effect of these grasses is
intensified by increased growth, it may be overcome by early
plowing.
Whether the nitrogen in the fertilizer used comes from
cottonseed meal or ammonium sulphate, there is little difference
in the speed at which these fertilizers or the cover crops are
nitrified if the pH value of the soil is not above 5.0.
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TOBACCO PLOTS
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Variation from 11° to 13° C.
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Variation from 8° to 9° C.
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